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CLAIMS 



[Claim(s)] 

[Claim 1] Electromotive power-steering equipment which is carried out [ having made it width of face of this 
hysteresis change according to steering speed, and ] as the feature in electromotive power-steering 
equipment which gave a hysteresis characteristic to this steering assistant force in carrying out actuation 
control of the electric motor based on an assistant torque command value computed according to an input 
torque of a steering system, and generating steering assistant force. 

[Claim 2] The electromotive power-steering equipment carry out [ having made an assistant torque 
command value change according to steering speed in the electromotive power-steering equipment have a 
command value operation means calculate an assistant torque command value according to the input torque 
of a steering system, and an assistant force generating means energize to a motorised circuit based on the 
assistant torque command value which this calculated, and generate the steering assistant force by the 
electric motor, even if said command value operation means was the same input torque, and ] as the feature. 

[Claim 3] Said assistant torque command value is electromotive power-steering equipment characterized by 
considering as such a small value that steering speed being quick in electromotive power-steering equipmeni 
according to claim 2. 

[Claim 4] In electromotive power-steering equipment according to claim 2 or 3 said command value 
operation means While memorizing relation between an input torque and an assistant torque command value 
to steering speed made into criteria and computing an assistant torque command value over an input torque 
from this relation Electromotive power-steering equipment characterized by constituting as a means to 
amend the assistant torque command value concerned based on a difference of a actual steering speed and 
steering speed of said criteria. 



[Translation done.] 



1 / 1 



2004/02/18 11:52 



http://www4.ipdljpo.go.jp/cgi-bin/tran.web.cgi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to electromotive power-steering 

equipment. 

[0002] 

[Description of the Prior Art] In recent years, electromotive power-steering equipment has come to attract 
attention from the goodness of responsibility, or the advantage that the formation of small lightweight is 
possible. In such electromotive power-steering equipment, if it remained as it is, a natural hysteresis 
characteristic [ as / in old hydraulic power-steering equipment ] was not acquired, but there was a field 
which is inferior to an oil pressure controller in respect of an operator's steering feeling or the stability of 
control. 

[0003] For this reason, the hysteresis characteristic was conventionally given by clutch control, or as the 
inhibition current by (JP,6t-202973,A) and the inductance was passed in another circuit in the return 
actuation condition, the hysteresis characteristic was given (JP,4-57543,B), and the proposal which aimed at 
the improvement of a steering feeling has been made. 

[0004] However, in these Prior arts, a hysteresis characteristic could not be uniform and the improvement 
of a steering feeling was not able to say it with it being still enough. Then, this invention aims at bringing 
further the steering feeling in electromotive power-steering equipment close with hydraulic power-steering 
equipment. 
[0005] 

[The gestalt and effect of the invention] of implementation of The means for solving a technical problem and 
invention In the electromotive power-steering equipment of this invention, the width of face of this 
hysteresis carries out [ having made it change according to steering speed, and ] as the feature in the 
electromotive power-steering equipment which gave the hysteresis characteristic to this steering assistant 
force in carrying out actuation control of the electric motor based on the assistant torque command value 
computed according to the input torque of a steering system, and generating the steering assistant force. 
[0006] A command value operation means to more specifically calculate an assistant torque command value 
according to the input torque of a steering system, In electromotive power-steering equipment equipped 
with an assistant force generating means to energize to a motorised circuit based on the calculated this 
assistant torque command value, and to generate the steering assistant force by the electric motor Even if 
said command value operation means is the same input torque, it is characterized by changing an assistant 
torque command value according to steering speed. 

[0007] If steering speed differs even if an input torque is the same according to this electromotive 
power-steering equipment, it will consider as the value from which the assistant torque command value 
differed. In this case, let said assistant torque command value be such a small value that steering speed is 
quick. Moreover, while memorizing the relation between an input torque and an assistant torque command 
value to the steering speed which makes said command value operation means criteria and computing the 
assistant torque command value over an input torque from this relation, it is good to constitute as a means 
to amend the assistant torque command value concerned based on the difference of a actual steering speed 
and the steering speed of said criteria. In this way, if it sets, in order to give various hysteresis 
characteristics, the information which should newly be memorized does not increase, and it is not necessary 
to complicate an equipment configuration or to increase storage capacity. 

[0008] According to above this inventions, in hydraulic power-steering equipment, a natural steering feeling 
can be attained similarly. In addition, steering speed forms the speed sensor in the handle, it may be made to 
carry out direct detection to it, and you may make it detect it from the stroke speed of a rack shaft. 
[0009] 

[Example] Hereafter, the example of the electromotive power-steering equipment which applied this 
invention is explained. With the electromotive power-steering equipment of an example, as shown in drawing 
1 , the rack gear tooth 7 and the screw slot 9 are established in the rack shaft 5 with which ends were 
connected with tires 1 and 1 through tie rods 3 and 3. For the rack gear tooth 7, the pinion gearing 13 
prepared in the soffit of the steering shaft 1 1 is engaged, and the manual steering is made possible. 
Moreover, in the screw slot 9, a ball 17 is made for a stepping motor 15 to intervene between installation anc 
both in same axle with the rack shaft 5, and the ball screw for assistance is constituted so that this may be 
surrounded. 

[0010] Actuation control of this stepping motor 15 is carried out by the electronic control (ECU) 30. The 
detecting signal from the torque sensor 21 which is attached in the steering shaft 11 and detects the 
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magnitude of an input torque, the position sensor 23 which detects the position of a stepping motor 15, and 
a speed sensor 25 is inputted into ECU30. Based on these detecting signals, ECU30 calculates an assistant 
torque command value, and supplies the actuation power from a battery 27 to a stepping motor 15 according 
to this command value. 

[001 1] A torque sensor 21 outputs the analog signal corresponding to the distorted magnitude produced by 
torsion of the torsion bar spring which connects the steering shaft upper part and the lower part. A position 
sensor 23 is the resolver with which the stepping motor 15 was equipped, and outputs the wave signal 
corresponding to the phase angle of a stepping motor 15. A speed sensor 25 outputs the signal of one pulse, 
whenever the output shaft for speedometer cables rotates one time. 

[0012] A stepping motor 15 is the thing of 4 phase excitation method of VR mold, and when the outline of 
the actuation circuit is shown, it is constituted like drawing 2 . The 1st phase, the 3rd phase and the 2nd 
phase, and the 4th phase are divided into the group, respectively. And the common line to which the positive 
side of a battery 27 is connected about each group is prepared, and one MOSFET (QA, QB) is arranged 
there [ each ], respectively. Moreover, each phase is connected with the negative side of a battery 27 with 
an independent line, and one MOSFET each (Q1-Q4) is arranged there. In addition, in the actuation circuit, 
diodes DA, DB, D1-D4 are arranged as an object for recovery. 

[0013] By this actuation circuit, each phase is excited in the sequence defined, respectively to left steering 
and right steering, and the assistant force to right and left is generated. If ECU30 is expressed to a block 
diagram paying attention to the role to play, it will become like drawing 3 . 

[0014] First, as the input section 40, the detecting signal from a torque sensor 21 was inputted, and it has 
the input-torque conversion section 41 for converting this into input-torque data, the vehicle speed 
conversion section 42 for inputting the vehicle speed pulse signal from a speed sensor 25, and converting 
this into vehicle speed data, and the phase angle conversion section 43 that inputs the wave signal from a 
position sensor 23, and converts this into a phase angle. 

[0015] The command value operation part 51 which calculates an assistant torque command value in 
operation part 50 based on input-torque data and vehicle speed data, The angular-velocity operation part 52 
which calculates the angular rate of rotation of a stepping motor based on change of a phase angle, The 
stroke speed operation part 53 which calculates the stroke speed of the rack shaft 5 from the angular rate 
of rotation of a motor, and the vehicle speed, The command value amendment section 54 for amending an 
assistant torque command value based on this stroke speed, While computing an actuation current value 
based on an assistant torque command value with the phase angle amendment section 55 which seasons a 
phase angle with the angular rate of rotation, and amends a phase angle It has the excitation phase & 
current value operation part 56 which specifies the steering direction by the positive/negative of an input 
torque, determines the order of excitation and specifies an excitation phase based on the amended phase 
angle. 

[0016] The operation which the command value operation part 51 performs is conventionally the same as a 
well-known thing, and computes the ASHISU torque command value proportional to an input torque. The 
angular-velocity operation part 52 computes the motor angular rate of rotation last time from the difference 
of the phase angle in operation timing, and the phase angle calculated this time. And the phase angle 
amendment section 55 seasons with this motor angular rate of rotation the phase angle detected this time, 
and predicts change of the phase angle to the following operation timing. 

[0017] The stroke speed operation part 53 computes stroke speed s in consideration of a reduction gear 
ratio to angular velocity. This stroke speed is proportional to steering speed. The command value 
amendment section 54 amends an assistant torque command value according to the following formula. 
[0018] 
[Equation 1] 

ax =a1 x [1-{(second-smax) /smax) and K] 

Here, it is ax. : Assistant torque command value a1 after amendment : Assistant torque command value sx 
computed by the command value operation part 51 : Actual stroke speed smax : Highest stroke speed K : It 
is a coefficient. 

[0019] When the content of the processing which computes this assistant torque command value is 
expressed with a flow chart, it comes to be shown in drawing 4 . First, the input section 40 to the steering 
torque Tx and the vehicle speed Vx It inputs and is the assistant torque command value a1. It asks (S10, 
S20). And stroke speed sx Assistant torque command value a2 which inputted and took steering speed into 
consideration based on the above-mentioned formula It computes (S30, S40). 

[0020] If an example explains, as shown in drawing 5 (A), it is an input torque Tx first. Assistant torque 
command value a1 at the time of the receiving highest steering speed Smile curve A1 It is based and 
computed. Next, assistant torque command value ax corresponding to a actual steering speed It is obtained. 
This ax Smile curve [ in / as a drawing middle point line shows / the steering speed concerned ] Ax 
Supposing it can draw, it is a point on it. If steering speed is still slower and is sx2, an assistant torque 
command value will be amended by the still bigger value ax2 like a graphic display. That is, the point on the 
smile curve Ax2 assumed to the still later steering speed sx2 is determined as an assistant torque command 
value. 

[0021] Consequently, as shown in this drawing (B), to the hysteresis band hi when returning a handle after 
sudden steering, the direction of the hysteresis band h2 when steering speed is slow will become small, and 
a natural steering feeling [ as / in hydraulic power steering ] will be obtained. 

[0022] As mentioned above, although the example of this invention was explained, this invention can be 
deformed into the mode which becomes various, unless it is not limited to the above-mentioned example anc 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 1] It is the block diagram showing the whole electromotive power-steering equipment of an 
example. 

FDrawing 21 It is circuitry drawing of the stepping motor actuation circuit in an example. 

[Drawing 3] It is the functional block diagram of ECU in an example. 

[Drawing 41 It is the flow chart which shows the content of processing in an example. 

[Drawing 51 It is the graph which illustrates an operation of an example. 

[Description of Notations] 

1 [ ... Rack gear tooth, ] ... A tire, 3 ... A tie rod, 5 ... A rack shaft, 7 9 ... A screw slot, 11 ... A steering shaft, 
13 ... Pinion gearing, 15 ... A stepping motor, 17 ... A ball, 21 ... Torque sensor, 23 ... A position sensor, 25 ... A 
speed sensor, 27 ... Battery, 28 ... An on resistance detection sensor, 29 ... A temperature sensor, 30 ... ECU, 
41 [ ... Command value operation part, 52 / ... Angular-velocity operation part, 53 / ... Stroke speed operation 
part, 54 / ... The command value amendment section, 55 / ... The phase angle amendment section, 56 / ... 
Phase angle & current value operation part. ] ... The input-torque conversion section, 42 ... The vehicle 
speed conversion section, 43 ... The phase angle conversion section, 51 
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